Junipers (Jumperus spp.) and pinyons (Pinus edulis Engelm.) are reinvesting areas from which they have been removed and are encroaching into other areas. Controlling these trees while they are small would help maintain forage production and protect the soils.
Junipers (Juniperus spp.) and pinyons (Pinus edulis Engelm.) were cleared from more than 800,000 ha of Arizona and New Mexico rangeland from the 1950's through the 1970's. Presently, j unipers and pinyons are reestablishing on many of these areas and encroaching on others (Johnsen and Elson 1979) . Managing these trees is of concern, especially on sites with high forage production potential where 85% or more of the trees are under 2 m tall (Dalen and Snyder 1987) . Killing small junipers and pinyons would help maintain forage production and protect the soil.
Small junipers and pinyons can be killed by treating individual trees with pelleted picloram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid) or tebuthiuron {Ar-[5-(l,l-dimethylethyl)-l,3,4-thiadiazol-2-yl]-MAr>-dimethylurea) (Johnsen 1987, Dalen and Sny der 1987) . Pelleted picloram has been reported to kill alligator juniper (J. deppeana Steud.) and Utah juniper [J. osteosperma (Torr.) Little] (Johnsen and Dalen 1984) , eastern red cedar (/. virginiana L.) (Stritzke and Rollins 1984) , redberry juniper (/.
pinchotii Sudw.) (Schuster 1976, Ueckert and Whisenant 1982) , western juniper (/. occidentalis Hook.) (Young et al. 1982) , and singleleaf pinyon (P. monophytta Torr. & Frem.) (Young and Evans 1976) . Pelleted tebuthiuron killed one-seed juniper [J. monosperma (Engelm.) Sarg.], Utah juniper (Johnsen 1977 , Clary et al. 1985 , and pinyon (Johnsen 1977, McDaniel and WhiteTrifaro 1987) , but did not kill western juniper (Britton and Sneva 1981) , redberry juniper (Ueckert and Whisenant 1982) , or eastern red cedar (Stritzke and Rollins 1984) .
Although pelleted picloram and tebuthiuron each kill some juniper and pinyon species, little is known about the herbicides' comparative effectiveness. Picloram killed red berry juniper and eastern red cedar but tebuthiuron did not (Ueckert and Whisenant 1982, Stritzke and Rollins 1984) . However, tebuthiuron killed more one-seed juniper trees than did picloram (Brock 1985, McDaniel and WhiteTrifaro 1987) , but both herbicides killed pinyon equally well (McDaniel and WhiteTrifaro 1987) . It is not known if one herbicide may be substituted for the other. Such information is needed because pelleted picloram is currently not available. This study compares the efficacy of pelleted picloram and tebu thiuron applied to individual alligator juniper, one-seed juniper, Utah juniper, and pinyon. These species are common on south western pinyon-juniper rangelands.
Methods and Materials
Six study locations, 3 in Arizona and 3 in New Mexico, were used (Table I (Table I ) and could adsorb tebuthiuron (Duncan and Scifres 1983) more readily than picloram (Grover 1971) . Except for Cooney Prairie, which was undisturbed, the treated sites were cleared of trees 15 to 20 years previously so most of the trees were under 2 m tall.
Commercially available picloram and tebuthiuron pellets were used. Picloram pellets contained 10% acid equivalent (a.e.) piclo ram and tebuthiuron pellets contained 20% active ingredient (a.i.) tebuthiuron. Pellets were distributed within the canopy dripline around individual trees by sprinkling pellets over the tops of trees less than 2-m tall, and under the canopies of larger trees. Trees received 0.0,0.7, or 1.4 g picloram or tebuthiuron/ m of height. The 1.4 g/m rate was commonly being used on control projects in the region.
Plot sizes differed among locations to accommodate differences in tree densities; tree numbers per plot ranged from 21 to 41, averaging about 25. Randomized, complete blocks were used with 3 replications, except there were 2 and 4 replications at Alma Mesa and Mud Tanks, respectively.
Responses were determined by annual ocular estimates of per cent live canopy reduction and tree mortality. Trees were classed as dead if no live tissue was evident after 3 or more years. Apparent herbicide damage to other plants near treated trees was also recorded.
Data for each species at each location were subjected to separate analyses of variance. Transformation (arc sine) of percentage data did not change statistical interpretations. Treatment means were compared by orthogonal contrasts.
Effects of tree height were determined for each species in 2 ways.
First, by determining weighted means and standard errors of the means of tree mortalities by height classes of 0 to 1, 1 to 2,2 to 3, and 3+ m, with the fixed rate applications of 0.7 or 1.4 g/m of height. This identified species in which the ratios of crown height and crown volume change as the tree becomes taller, causing failure to kill taller trees. Then, second, regressions were developed to determine the minimum amount of herbicide per tree needed to kill at least 90% of the trees in height classes of the species identified as having poor control of the larger trees with the fixed rates. The total amount of herbicide applied to individual trees in each height class with the fixed rates/m of height were correlated with tree height classes having 90% or more mortality. The regressions aid estimating the total amount of herbicide to purchase for control projects when average tree height, dosage per tree of that height, and the numbers of trees are known, thus helping minimize costs and reduce storage and disposal problems with excess herbicides.
Results and Discussion
The percentage of alligator juniper, Utah juniper, and pinyon trees killed by picloram and tebuthiuron did not differ significantly (P=0.05) ( Table 2 ). However, tebuthiuron killed significantly (/>= 0.01) more one-seed juniper trees than did picloram.
Although alligator juniper mortalities following picloram and tebuthiuron applications were similar, they were variable. For example, few alligator junipers were killed at Cooney Prairie, but all were killed at Tin Can Draw (Table 2 ). Picloram treatment caused mortalities similar to those reported by Johnsen and Dalen (1984) in Arizona. Factors which may have affected alligator juniper mortality include differences in soils, rainfall, application consistency, tree form, and numbers of dormant basal buds. Sea son of application has not affected the efficacy of tebuthiuron for control of most woody species (Bovey et al. 1985) ; nor has season of application been reported to influence juniper mortality from pelleted picloram or tebuthiuron.
Utah juniper trees were readily killed by both picloram and tebuthiuron (Table 2) . Johnsen and Dalen (1984) reported piclo- ram killed Utah juniper. Minor differences in soils, rainfall, and month ofapplication (Table 1) did not affect mortality percentages (Table 2) .
Pinyon trees were readily killed by both picloram and tebuthiu ron (Table 2) . Although the results of this study are from a single location, they are similar to those reported elsewhere for pinyons. Pinyon was killed with 0.9 kg picloram/ha or 1.1 kg tebuthiur on/ha in New Mexico (McDaniel and WhiteTrifaro 1987) . Addi tionally, singleleaf pinyon up to 2 m tall were killed by 0.7 g picloram/tree in Nevada (Young and Evans 1976) .
More one-seed junipers were killed by tebuthiuron than by picloram ( Table 2 ). The current study on one-seed juniper was done at a single location, but the results agree with those reported from New Mexico (McDaniel and WhiteTrifaro 1987) , and from Arizona (Brock 1985) . Picloram applied at 1.8 g/ m of height killed small one-seed junipers in another Arizona study (Johnsen and Dalen 1984) .
Mortality percentages were generally similar for both applica tions rates of either herbicide (Table 2) . However, 1.4 g tebuthiu ron/m was more effective (P = 0.05) than 0.7 g/m on alligator juniperat Mud Tank. Also, 1.4 g picloram/ m was more effective (P -0.01) than 0.7 g/m on one-seed juniper, which agrees with the findings of Johnsen and Dalen (1984) in Arizona. Both the 0.7 and 1.4 g/m rate of either herbicide killed more than 90% of the Utah juniper and pinyon trees.
Pinyon trees were readily killed with the 0.7 g/m rate of either herbicide applied to all tree height classes treated (Table 3) . How ever, juniper mortalities varied among height classes with the fixed application rates per unit of tree height, especially with the taller trees (Table 3) . Juniper tree-height to live crown-volume ratios may change as tree height increases, confounding percent mortal ity means. Johnsen and Dalen (1984) determined linear regressions best estimated lethal dosages of pelleted picloram for small trees as aids for determining the amounts of herbicide needed for control projects. However, their data base included few trees taller than 2.5 m, and the regressions are not useful for stands with many taller trees. Including taller trees in the data base of the current study resulted in determining that exponential regressions best estimated the lowest amount of herbicide needed to kill at least 90% of the trees of a given height. Such regressions improve the accuracy of estimating how much herbicide is needed for control projects having trees taller than 2 m. This information will help prevent buying excessive amounts of the herbicides, thus saving funds and avoiding problems of storage and disposal of excess herbicide.
Application of 0.7 of either herbicide killed Utah junipers less than 1 m tall, and 1.4 g killed trees under 2-m tall, but the amounts needed to kill taller trees differ from the fixed rate amounts (Table   3) One-seed junipers were killed by tebuthiuron but not by piclo ram (Table 2) . Application of 0.7 g tebuthiuron killed trees 1-m tall, and 1.4 g killed trees 2-m tall, but the amount needed to kill taller trees differed from the fixed rates (Table 3) . These results agree with McDaniel and WhiteTrifaro (1987) , who found oneseed juniper trees under 3-m tall were more readily killed by tebuthiuron than taller ones. The amount of 5.5 g of tebuthiuron is need to kill at least 90% of the 3 m tall one-seed junipers as indicated by the regression: Y = 0.40eOJ7x (r = 0.95). Alligator junipers 1 m tall were usually killed by 0.7 g picloram or tebuthiu ron, but taller trees were poorly controlled by either herbicide (Table 3) 
